In the era of widespread prostate specific antigen (PSA) screening, a large proportion of older men have to live with a diagnosis of prostate cancer. In this study, we applied a new method for up-to-date analysis of long-term survival to evaluate if and to what extent these patients still have any excess mortality compared to the general population.
INTRODUCTION
In contrast to most other countries, prostate specific antigen (PSA) screening for prostate cancer has been widely applied in the United States since the late 1980s. According to the 2000 National Health Interview Survey, more than 50% of men older than 65 years have had a PSA test within the last year. 1 The aim of this study was to provide up-to-date estimates of long-term survival rates of patients diagnosed with prostate cancer in the era of widespread PSA screening.
METHODS
All data presented in this article are derived from the 1973 to 2000 public use database of the Surveillance, Epidemiology and End Results (SEER) Program of the National Cancer Institute, which was issued to the public in April 2003. 2 The SEER Program is the most authoritative source of information on cancer incidence and survival in the United States, and it is considered as the standard for quality among cancer registries around the world. Quality control has been an integral part of SEER since its inception. Every year, studies are conducted in the SEER areas to evaluate the quality and completeness of the data being reported (SEER's standard for case ascertainment is 98%).
Data included in the 1973 to 2000 SEER database are from population-based cancer registries in Connecticut, New Mexico, Utah, Iowa, Hawaii, Atlanta (Georgia), Detroit (Michigan), Seattle-Puget Sound (Washington), and San Francisco-Oakland (California), which together cover a population of about 30 million people. Geographic areas were selected for inclusion in the SEER Program based on their ability to operate and maintain a high-quality, population-based cancer reporting system and for their epidemiologically significant population subgroups. The SEER population is comparable to the general United States population with regard to measures of poverty and education, even though it tends to be somewhat more urban and has a higher proportion of foreign-born persons than the latter.
This database included 183,484 patients with a first diagnosis of prostate cancer between 1990 and 2000 who have been followed for vital status until the end of the year 2000. After exclusion of 415 patients (0.2%) who were reported by autopsy only, 1,134 patients (0.6%) who were reported by death certificate only, and another 1,330 patients (0.7%) with unknown month of diagnosis, there remained 180,605 patients (98.4%) for the survival analysis.
In order to provide the most up-to-date possible survival estimates, only survival experience in the year 2000 was used by application of the recently introduced period analysis methodology 3 (ie, all observations were left truncated at the beginning of 2000 in addition to being censored at the end of that year).
The principle of period analysis compared to traditional cohort-wise analysis of survival, which is explained in detail elsewhere, 4 illustrated in Figure 1 . The most up-to-date traditional cohort estimate of 5-year survival (10-year survival) that could be derived from the 1973 to 2000 SEER database would pertain to the survival experience in 1995 to 2000 (1990 to 2000) of patients diagnosed in 1995 (1990) , as indicated by the solid frames in Figure 1 . By contrast, an up-to-date estimate of both 5-year and 10-year survival could be obtained by period analysis for the year 2000, which is based exclusively on survival experience of patients in the year 2000 (dashed frame in Fig 1) . With this approach, various parts of the survival function are obtained from cohorts of patients diagnosed in different years. This approach ensures that the most up-to date data are used to estimate conditional survival for each year following diagnosis: survival during the first year after diagnosis is obtained from patients diagnosed in 1999 and 2000, conditional survival in the second year after diagnosis is obtained from patients diagnosed in 1998 and 1999, and so on, until conditional survival in the 10th year after diagnosis, which is obtained from patients diagnosed in 1990 and 1991. These conditional survival estimates are then multiplied in the usual manner to derive 5-year or 10-year cumulative survival estimates.
It has been shown by extensive empirical evaluation that period analysis provides more up-to-date estimates of long-term survival rates than traditional methods of survival analysis, [5] [6] particularly in the case of strong improvement of survival rates over time. In particular, it has been shown that the period estimates of survival for a particular calendar year quite closely predict the survival rates later observed for patients diagnosed in that calendar year. [7] [8] Both absolute and relative survival rates are presented. Relative survival rates reflect survival rates of cancer patients compared with those of the general population. As described in detail elsewhere, they are calculated as the ratio of absolute survival rates of cancer patients divided by the expected survival rates of a group of individuals of the corresponding sex (and starting from the corresponding age) in the general population. 9, 10 In calculations of period estimates of relative survival, the period methodology is applied to the expected survival rates in the same way as to the observed survival rates. Typically, relative survival estimates are well below 100%, reflecting excess mortality among cancer patients compared to the general population. In contrast to absolute survival estimates, relative survival estimates may also equal or even exceed 100% if cancer patients have the same or even higher survival rates than the general population. This pattern may occur if cancer patients can generally be cured, or if patients diagnosed with cancer are otherwise more privileged (eg, in terms of socioeconomic factors or access to medical care) than the general population.
Estimates of expected survival were derived according to Hakulinen's method 11 using the 2000 US sex, age, and racespecific life tables. 12 Standard errors were derived according to Greenwood's method. 13 All analyses were performed with the SAS (SAS Institute, Cary, NC) software package using an adapted version of a publicly available macro. Table 1 shows basic sociodemographic factors as well as tumor characteristics of the 180,605 patients included in the study. More than 80% of the patients were white. Median age at diagnosis was 70 years, and about one third of patients were 75 years or older. Stage at diagnosis was available for 91.4% of patients. Two-thirds of patients were diagnosed with localized/regional prostate cancer grade 1 (well differentiated, 11.3%) or grade 2 (moderately differentiated, 54.1%), whereas 6.5% of patients already had distant tumor spread at the time of diagnosis. As Figure 2 shows, the reported incidence of prostate cancer essentially remained stable in the middle and late 1990s after a transient rise with a peak in 1992. The proportions of patients with distant spread disease and with unstaged prostate cancer decreased, whereas the proportion of patients with localized/regional prostate cancer steadily increased in the middle and late 1990s. Overall, 46.1% of patients received some form of surgery and 32.9% of patients received some form of radiotherapy. Both forms of therapy were more commonly applied among patients with localized/regional prostate cancer than among patients with distant tumor spread (surgery, 50.7 v 22.7%; radiotherapy, 35.2% v 17.5%).
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RESULTS
Follow-up with respect to vital status was complete (ie, patients were followed until death or until the end of the year 2000) for 96.5% of patients. Among patients lost to follow-up, survival time was censored at the date they were last known to be alive. The proportion of patients lost to follow-up was below 5% for all subgroups of patients shown in Table 1 , except for patients below age 65 years among whom 8.9% had incomplete follow-up. The period analysis of 10-year survival for the year 2000 is based on a total number of 124,803 person-years and 6,902 deaths. Prostate cancer was coded as the underlying cause for 1,723 (25.0%) of deaths.
Overall, absolute survival 5 and 10 years after diagnosis was estimated to be 79.3% and 54.8%, respectively. Fiveand 10-year period estimates of relative survival for the year Figure 3 . Besides the 10-year relative survival curve for the year 2000 obtained by period analysis, we also provide the most up-to date 5-and 10-year survival curves (pertaining to the cohorts of patients diagnosed in 1995 and 1990, respectively) that would have been obtained by traditional cohort-wise survival analysis. The 5-and 10-year relative survival estimates for the 1990 cohort would be as low as 90.3% and 82.2%, respectively. Patients diagnosed in 1995 already had a substantially higher 5-year relative survival (96.3%), but their 10-year relative survival will only be known after another 5 years of follow-up. The period survival curve for the year 2000 indicates that there has been further major improvement in relative survival in recent years that has so far remained undisclosed by traditional cohort analysis. Table 1 additionally provides period estimates for the year 2000 of 5-and 10-year survival by race, age, tumor stage, and grade. Survival rates were considerably lower among black patients than among white patients. To assess recent time trends in relative survival by race, we additionally carried out period analyses of 5-and 10-year relative survival rates over the 1990 to 2000 period. To reduce random variation, smoothed trend curves were derived based on period estimates of relative survival for successive overlapping 3-year periods (1990 to 1992, 1991 to 1993 . . . 1998 to 2000). There was a steady increase in 10-year relative survival rates during the 1990s for both black and white patients (see Fig 4) . Similar trends were seen (albeit at higher levels) for 5-year relative survival rates (data not shown). Although the increase was stronger among black patients than among white patients, a substantial gap between both groups persisted until the end of the century.
Obviously, absolute survival rates were highest in the youngest age group, with a first diagnosis of prostate cancer below age 65 years, but relative survival rates were highest in 65-to 74-year-old patients who had essentially the same mortality as the general population (see Table 1 ). As expected, the strongest prognostic factors were tumor stage and grade. Whereas prognosis remained very poor among the minority of patients with distant tumor spread (6.5% of all patients), moderate excess mortality was observed among patients with poorly differentiated or undifferentiated localized/regional prostate cancer. Patients with wellor moderately differentiated localized/regional cancer did not have any excess mortality compared with the general population, as reflected by relative 5-and 10-year survival rates above 100%.
In more detailed, age-specific analyses (Table 2) , the absence of excess mortality among patients with well-or moderately differentiated localized/regional prostate cancer could be confirmed for all age groups.
DISCUSSION
To our knowledge, this is the first detailed analysis of long-term survival of patients with prostate cancer using the period methodology. It was found that most patients diagnosed with prostate cancer in the United States, where PSA screening has been widely applied since the late 1980s, 15 no longer have excess mortality compared to the general population.
The survival estimates obtained in this analysis are the highest ever reported for patients with prostate cancer. The fact that relative survival rates above 100% were estimated for some groups of patients appears counterintuitive on first view. It is unlikely that occurrence of prostate cancer would increase chances of survival compared to the general population. A more plausible explanation is that this pattern reflects a selection effect of PSA screening, as screening tests tend to be less often used by socially disadvantaged population groups, who, in general, also have higher mortality. 1 The period estimates of survival obtained in this article are considerably higher than those derived by traditional cohort-based methods reported in previous work (including the clinical trials), as they more efficiently capture the major increase in survival, which started with the introduction of widespread PSA screening in the 1980s and was ongoing in the 1990s. 16 The period estimates may still turn out to be too pessimistic regarding the long-term survival expectations of newly diagnosed patients in the case of ongoing major improvement in survival, albeit less so than the traditional survival estimates, as extensive empirical evaluation has shown. 4, 7, 8 On the other hand, the exclusion of patients reported to the registries by death certificate or autopsy only may have led to some overestimation of survival rates. However, given that these patients made up less than 1% of all patients, potential bias from this source can only be small.
In an era of widespread screening, increasing survival rates do not by themselves ensure progress against the cancer of interest. In theory, increasing survival rates might simply reflect increased lead time, that is, mere prolongation of the "patient career" by advancement in diagnosis, or even overdiagnosis of patients whose cancer would possibly never become clinically manifest in the absence of screening.
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For example, the shift from late-stage disease diagnoses to early-stage diagnoses (see Fig 2) will ultimately only reduce mortality if it increases cure rates of patients. Otherwise, the much higher 10-year relative survival rates of patients with localized/regional disease compared to patients with distant disease spread may just reflect postponement of cancer-related deaths beyond 10 years following diagnosis. In other words, patients might just have earlier 18 Another possibility that could contribute to an apparent increase in survival rates of patients with early-stage cancer would be that screening selectively advances early detection of slow growing, prognostically favorable tumors.
If and to what extent PSA screening lowers prostate cancer mortality will have to be answered by large scale randomized trials that are ongoing. 19, 20 In the European Randomized Screening for Prostate Cancer (ERSPC) Trial, more than 160,000 men aged 55 to 69 years at entry were recruited in seven European countries between 1992 and 2001, and more than 75,000 men aged 55 to 74 years were recruited in the Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial at 10 centers across the United States in 1993 to 2001. Long-term follow-up of participants is on its way. It has been estimated that the ERSPC trial will reach a power of 0.86 to detect a 25% reduction in prostate cancer mortality by the year 2008. Pooling data from both trials might further increase the power or advance availability of conclusive results. 21 Additional end points to be addressed by the randomized trials will also include healthrelated quality of life, potential harms of unnecessary treatment, and cost-effectiveness of PSA testing.
In the meantime, the benefits of PSA screening are subject to ongoing debate. While some over-diagnosis appears to be out of question, 18 there is also increasing indirect evidence that PSA screening may, in the long run, lead to some reduction in prostate cancer mortality. Multiple recent studies have reported a reduction in prostate cancer mortality. 15, [22] [23] [24] [25] [26] The decrease in incidence of distant-stage disease shown in Figure 2 is in agreement with these findings; however, any pertinent evidence will remain inconclusive before the long-term results of the randomized studies are available.
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The aim of our study was not to contribute to the ongoing discussion regarding the usefulness of PSA screening, and its results should not be mistaken as providing support for any particular screening strategy. Like other methods of survival analysis, period analysis by itself does not disclose to what extent the strongly increased survival rates are as a result of the above mentioned artifacts, true prevention of prostate cancer mortality by PSA screening, or other reasons, such as recent advances in therapy. [29] [30] [31] Our study does make a major contribution, however, in providing the most up-to-date estimates of survival of patients diagnosed with prostate cancer today (ie, under the current patterns of screening and medical care). Our analyses were stratified by age, race, tumor stage, and grade, which are known strong prognostic factors. Other prognostic factors, including pretreatment PSA level, which are not included in the SEER database, would further improve prediction of cancer-specific survival and should be considered in pertinent analyses in the clinical setting as well as in individual patient care.
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Regardless of the relative contributions of each of the aforementioned factors to the improvement of survival rates in recent years, clinicians, as well as their patients diagnosed with prostate cancer, should have access to the most up-to-date survival statistics possible. In this context, the finding that, under the current patterns of screening and medical care, two thirds of these patients do not have excess mortality compared with the general population, may be important for both clinical management of, and patients' coping with, the disease.
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